INTRODUCTION
The chocolate with soy milk which was tested in this work was produced in a ball mill, used to manufacture chocolate and chocolate-like products. The ball mill replaces the two phases in a standard production process, as milling and conching are performed simultaneously. It is a vertical cylinder with a double wall for hot water circulation (1) . In the central part of the cylinder there is a mixer with paddles. The mixer paddles rotate at a speed of 50-70 rpm, causing the collision of chocolate mass particles with the mill balls and due to the effects of force of impact, friction and shear stress, the size of the solid particles of the chocolate mass decreases (2) . The mill is equipped with a mass recircula-tion system, so that the mass passes several times through the thick layer of moving balls and is fragmented many times and is submitted to the effects of shear stress and friction. The speed of recirculation of the mass is 3-6 kg/min. Depending on the length of grinding, an optimum distribution of particles by size is achieved (3) .
The optimal parameters for production of chocolate with soy milk, used in this study, were determined in the work by Pajin et al. (4) .
Melted chocolate is a complex rheological system, where solid particles are dispersed in the fat phase. The fat phase consists of cocoa butter and soybean oil from soy milk. The solid phase is not a uniformly dispersed phase, as the particles have a different distribution by size, shape, and surface properties. The influence of milling on the chocolate mass is reflected in the gradual reduction of shear stress due to which it achieves the appearance of a homogeneous suspension that starts to flow. Before forming the stable chocolate mass, it is tempered to form centers of crystallization of cocoa butter in a stable V crystalline form (5) . The formed crystals allow the proper formation and solidification of chocolate, thus providing optimal physical and sensory properties of chocolate (6) .
The greatest impact on the thermorheological, thermal and textural properties of chocolate has the composition of the ingredients, fat content, selection of emulsifiers, size distribution of solid particles, and particles packing method. The significance of densely packed particles and their mutual interactions in chocolate can be seen when cow's milk powder is substitute with soy milk powder. The replacement leads to high elastic properties of chocolate with soy milk. These properties are due to the presence of soy proteins: β-conglycinin and glycinin. β-conglycinin is prone to the processes of association and dissociation, and it appears in seven polymorphic forms. Each polymorphic form is a trimer and is composed of the same subunit or a combination of different subunits (7) . Both soy milk proteins create intermolecular bonds, which influence the high elastic properties of the chocolate. At higher temperatures and at neutral pH, β-conglycinin and glycinin form a gel. The minimum concentration of protein at which the gel can be formed is 8%. The gel can be formed at lower concentrations, but at higher temperatures or longer heating times. Formation of disulfide bonds and electrostatic interactions are responsible for the gelation of glycinin. Glycinin forms a stable gel with a cylindrical structure. β-Conglycinin forms an irregular gel, the process being governed by the formation of hydrogen bonds. The resulting gel has a double helix structure, with a multitude of crosslinks (8) . Actually, gel formation and emulsifying properties of soy proteins are the primary requirements for making a good quality chocolate with soy milk in a ball mill (working conditions: temperature of 50 ±2 o C, neutral pH, and the pressure caused by the movement of the balls).
The quality of chocolate with soy milk varies depending on the amount of soy milk, which contains significant antioxidant activity. Isoflavones, flavonoids and other soy polyphenols act as antioxidants and protect the low-density lipoprotein from oxidation, and also have a positive effect on blood plasma lipids as they inhibit platelet aggregation (9) . Also, soy milk contains more protein and less fat than cow's milk (10), and no cholesterol or lactose. It has a low content of saturated fatty acids and a high content of polyunsaturated fatty acids. The contents of iron, niacin, and thiamin are also higher than in cow's milk. The advantage of using soy milk is reflected in its high digestibility.
The objective of this study is to find optimal conditions for the preparation of chocolate with soy milk with different amounts of soy milk, while endeavoring not to infringe the thermorheological, thermal and textural (hardness) properties of the chocolate.
EXPERIMENTAL

Materials
The raw materials used for chocolate production included cocoa butter (Theobroma, Amsterdam), cocoa liquor (Cargill, Italia), medium-grain sugar (Crvenka AD, Serbia), soy milk powder with 26% of total fat, 44% of proteins and 18.5% of carbohydrates (Provesol PSA, Brazil), hazelnut paste with 25% of a total, 28% of proteins 28% and 37% of carbohydrates 37% (Arslanturk, Turkey), ethylvanilin (FCC, Norway), soy lecithin with a minimum content of 65% insoluble in acetone (Soyaprotein AD, Serbia), polyglycerol polyricinoleate (PGPR) (Danisco, Malaysia).
Methods
Production of chocolate mass in a ball mill. The chocolate was manufactured in a laboratory ball mill with a homogenizer (capacity 5 kg), of a domestic manufacturerMašinoprodukt, Crvenka. The raw materials (cocoa butter, cocoa liquor, sugar, soy milk, hazelnut paste, ethylvanilin, soy lecithin and PGPR) needed for the production of chocolate mass were measured and simultaneously dosed into the homogenizer (except for 10% of cocoa butter which was dosed 10 minutes before taking out the mass from the ball mill), in which mixing was done for 20 minutes, at the temperature of 50 o C and mixer rotation speed of 50 r/min. The homogenous mass was then transferred into the ball mill (ball diameter 9.1 mm; ball mass 30 kg; mixer rotation speed 50 rpm; mill inner diameter 0.250 m; height 0.31 m.; volume of space provided for balls and 5 kg of chocolate mass 0.0152 m 3 ). Chemical analyses. The basic chemical composition was determined using standard AOAC methods (11) , as shown in Table 1 . Pre-crystallization of the chocolate mass. The pre-crystallization of the chocolate mass was performed in a modified Brabender Farinograph laboratory pre-crystallizer (12) . The process of pre-crystallization was controlled indirectly by the changes of the mass resistance during mixing, which was registered on a force/time diagram -the thermorheogram. The following pre-crystallization temperatures were applied: 26, 28 and 30 o C for both chocolate masses.
Sample names. Sample names of the chocolate masses used in the work are listed in Table 2 . Determination of phase transitions by differential scanning calorimetry method. Differential scanning calorimetry (DSC) is a method that is based on the measurement of calorific value (heat flow in mW) which occurs while heating (or cooling) the test and reference samples at a specified speed, i.e. when they are exposed to the same temperature regime. The DSC instrument used was a TA Instruments Q20.
Determination of chocolate hardness. The determination of the chocolate textural properties was performed using a texture analyzer, following the original method 3-Point Bending Rig HDP/3PB. The working conditions were: measuring cell 5 kg; temperature 20 o C; speed of the cylindrical probe before the analysis 1.0 mm/s; speed of the cylindrical probe during the analysis: 3.0 mm/s; speed of the cylindrical probe after the analysis: 10.0 mm/s; distance 40 mm; texture measurement was repeated on three times after seven days of stabilization of the manufactured chocolate. The measured parameter was the intensity of the force used to crush the chocolate. On the basis of obtained experimental -real (z e ) and theoretical -expected values (z t ), the following statistical parameters were calculated: the standard error of the regression σ, p and t-values, the coefficient of determination and analysis of variance for the selected regression expression.
The standard error of the regression is defined by the following relation:
The calculation of the coefficient of determination (r 2 ) was solved to determine the discrepancy between the experimental and the theoretical values.
RESULTS AND DISCUSSION
Chemical composition of the chocolate mass
The chocolate mass with 15% of soy milk (R1) contains 2.2% less protein than the chocolate mass made with 20% of soy milk (R2). Therefore, chocolate mass R1 does not achieve the critical percentage of 9% of soy protein required for the formation of gel under the conditions of the ball mill operation. Chemical composition of chocolate mass R1 and R2 is shown in Table 3 .
The changes in the composition of the ingredients have also led to a slight difference in amino acid composition. Chocolate mass R2 was characterized by better nutritional properties because of the higher percentage of essential amino acids (lysine, cysteine, tryptophan, threonine, isoleucine, leucine, phenylalanine and valine). The changes in the composition of acids fatty yielded an increase in the nutritional value of chocolate mass R2. 
Thermorheological properties of the chocolate masses
The torque value of chocolate mass R2 was higher compared to chocolate mass R1 because of the higher content and complexity of the structure of soy proteins. The concentration of soy protein in this chocolate mass was critical (9%) and sufficient for gel formation and interconnection, which was particularly reflected in the increase of the torque value during longer milling times of 60 and 90 minutes. The optimal torque value (13), which gives the chocolate mass of the appropriate rheological properties, is about 250-350 x 10 2 Nm, which corresponds to chocolate mass R1-30-30 and R2-90-30. The higher content of unsaturated fatty acids in chocolate mass R2 did not affect the rate of crystallization, i.e. the extension of time needed to achieve maximum torque. The results are shown in Figure 1 By testing the statistical significance of the individual parameters of the regression equation it was noticed that none of the parameters had a statistically significant effect on the change of torque value in chocolate mass R1 (calculated t-values < tabular 3.128).
The regression coefficients b 0 , b 1 and b 11 also indicate specific changes of the dependent variable -z (torque value) with the change of the independent variable -x (temperature of pre-crystallization).
The calculated value of the standard error of regression (σ = 194.35) confirms that the used of the chosen mathematical model gave a large dispersion of the experimental values. The value of the coefficient of determination (r 2 = 0.938) indicates that the torque value of chocolate R2 is determined by variations of independent variables with 93.8%. Analysis of the variance of the regression equation confirms it at a significance level of 95% (α = 0.05). Using a selected regression equation, the behavior of the torque value can be predicted for chocolate R2 when changing the milling time and pre-crystallization temperature (calculated F = 42. Using statistical data the functional dependence of the maximum torque value of chocolate mass R2 on pre-crystallization temperature and milling time was calculated. The results indicate that the pre-crystallization temperature had a higher impact on the maximum torque value than the milling time. By comparing the obtained t-values with the tabular value t 0.05;3 = 3.182 it can be noticed that the most important parameters in the regression equation were b 0 , b 1 
Comparison of thermal properties of chocolate masses R1 and R2
The thermal properties of chocolate with soy milk are most influenced by soy proteins (14) , as well as by particle size. Disulfide bonds and electrostatic interactions are responsible for gelling of soy protein -glycinin. Glycinin forms a stable gel with a cylindrical structure, while an irregular gel is formed by β-conglycinin, for which most responsible are hydrogen bonds. Gel is formed by aggregation of molecules and has a double helix structure with a variety of cross-links (15) .
It was observed that the pre-crystallization temperature of chocolate mass R1 tended to increase the value of T index regardless of the milling time. Afoakwa et al. (16) also reported that the melting interval increased with a decrease in the particle size, due to stronger interactions between the components. The results of thermal properties of chocolate masses R1 and R2 are shown in Table 4 .
The values shown in Table 4 are the average values of the largest cocoa particles. Regarding chocolate mass R2, the increase in the amount of soy milk from 15 to 20% resulted in an increase of the T index value on average by about 2 o C. Samples of R2-90 had a lower T index value because the R2-90 samples had fewer crystallizing forms, which resulted in a shorter melting interval. All samples showed a tendency to increase enthalpy with the increase in the retention time in the mill because the decrease in the particle size is accompanied by an enhanced interaction between the components, and the system requires more energy for melting. The lowest values of enthalpy showed samples with a retention period of 30 min in the ball mill, which can be attributed to an insufficient time of milling, resulting in a system with non-uniform particle size. Samples of chocolate mass with optimum enthalpy are R2-90, and especially sample R2-90-30.
Comparison of the textural properties
Experimental results of measuring hardness of chocolate R1 and R2 as a function of milling time and pre-crystallization temperature are shown in Figure 4 .
As can be seen, milling time and pre-crystallization temperature had an equal influence on the hardness of chocolate R1. The best hardness has the chocolate that was precrystallized at 26 o C and milled for 90 min. Finer milling results in a decrease of the chocolate hardness, and an extended milling time requires a lower pre-crystallization temperature. To achieve an optimum hardness, the chocolate mass with higher content of soy milk (R2) needed a lower pre-crystallization temperature and shorter milling time. Chocolate mass R2 was harder than chocolate mass R1 by an average of 42%. 
CONCLUSIONS
The increase in the amount of soy milk from 15% to 20% did not cause a change in the rate of crystallization of chocolate mass, regardless of the applied temperature, but resulted in an increase in torque values. The optimum torque value (250-350 x 10 2 Nm) that provided adequate rheological properties of chocolate mass was achieved at the precrystallization temperature of 30 o C, regardless of the amount of soy milk. Regardless of the milling time and the pre-crystallization temperature, chocolate mass R2 had higher T index values, as well as the enthalpy values comparing to chocolate mass R1. Chocolate R2 is harder than chocolate R1 on an average by 42% for all tested milling time and precrystallization temperatures.
